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| INTRODUC TI ON
Acute ischemic stroke (AIS) is a common and serious disease that occurs when there is a sudden loss in cerebral blood flow due to thromboembolic occlusion in the cerebral or cervical artery. 1, 2 Acute ischemic stroke results in irreversible infarction of brain tissue as well as functional impairment, and patients with AIS requires early recognition and quick medical care to achieve the best outcomes. 3 Currently, the common managements for AIS are mainly focusing on restoring reperfusion into the ischemic brain area, such as intravenous alteplase and endovascular thrombectomy, whereas the narrow treatment time window is still the major limitation for the application of therapies, and prognosis of patients with AIS remains poor. [4] [5] [6] A growing evidence suggests that early identification of AIS risk and prediction of treatment outcomes in patients with AIS may improve the prognosis of these patients.
Long noncoding RNA (lncRNA) is a group of noncoding transcripts with more than 200 nucleotides in length, and lncRNAs are known as crucial regulators of plentiful biological processes. 7, 8 Long noncoding RNA nuclear enriched abundant transcript 1 (NEAT1), which is an lncRNA that is essential for the formation of paraspeckles and interacts with many intracellular regulatory factors, has been widely investigated in the cancer field. [9] [10] [11] Recently, some studies have revealed that lncRNA NEAT1 is overexpressed in myocardial infarction patients and tuberculosis patients. 12, 13 Furthermore, the biological roles of lncRNA NEAT1 in cardiovascular and cerebrovascular diseases have been disclosed in some experiments, such as the promotion of lncRNA NEAT1 on inflammatory response in myocardial ischemia-reperfusion injury mice models and the inhibition of lncRNA NEAT1 knockdown on atherosclerosis-correlated events in vitro. 14, 15 For stroke, previous study displays that lncRNA NEAT1 facilitates oxygen-glucose deprivation/reoxygenation (OGD/R) injury and neuroinflammation damage of microglial cells, meanwhile, lncRNA NEAT1 enhances intima thickening or vascular occlusion through modulating the phenotype conversion of vascular smooth muscle cells, together with excessive apoptosis of epithelial cells, indicating that lncRNA NEAT1 is a therapeutic target for ischemic stroke. 16, 17 Based on these indications, we hypothesized that ln-cRNA NEAT1 might play a critical role in AIS development, progression, and prognosis, however, the related evidence was limited.
Therefore, this study was conducted to investigate the predictive value of lncRNA NEAT1 for AIS risk and to explore the correlation of lncRNA NEAT1 expression with disease severity, inflammation, recurrence and potential target microRNAs in patients with AIS. 
| ME THODS

| Participants
| Data and sample collection
All the participants' clinical data were collected after enrollment, which including age, gender, body mass index (BMI), smoke, hypertension, diabetes mellitus, hyperlipidemia, hyperuricemia, and chronic kidney disease (CKD). Besides, for the patients with AIS, Creactive protein (CRP) and National Institute of Health Stroke Scale (NIHSS) score that were used to assess the severity of AIS were also recorded at baseline. Peripheral blood samples from patients with AIS were collected within 24 hours after admission, and peripheral blood samples of controls were collected on the enrollment. All blood samples were collected into anticoagulant tube and centrifuged at 1600 g for 10 minutes at 4℃. Then the supernatants were separated and further centrifuged at 12 000 g for 10 minutes at 4°C. Subsequently, the plasma was obtained and stored at −80°C until determination.
| LncRNA NEAT1 detection
The relative expression of lncRNA NEAT1 in plasma of patients with AIS and controls were detected by real-time quantitative polymerase chain reaction (qPCR). The detail process was displayed in "qPCR" subsection.
| Inflammatory cytokines measurement
For patients with AIS, the levels of inflammatory cytokines in plasma including tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), IL-6, IL-8, IL-10, IL-17, and IL-22 were measured by enzyme-linked immune sorbent assay (ELISA) using commercial human ELISA Kits (Abcam) following the manufacturer's protocol.
| MiRNAs detection
MiR-124, miR-125a, and miR-146b are reported to be direct target genes of lncRNA NEAT1, [18] [19] [20] which are also well-known as inflammation-related miRNAs. Hence, we hypothesized that lncRNA NEAT1 might function via miR-124, miR-125a, and miR-146b in AIS as well, and we detected the relative expression of plasma miR-124, miR-125a and miR-146b in patients with AIS. The detail process was displayed in "qPCR" subsection.
| qPCR
Total RNA was extracted from plasma samples using TRIzol Reagent (Invitrogen), and then transcription to cDNA was conducted using PrimeScript RT reagent Kit (Takara). The qPCR process was performed with the application of QuantiNova SYBR Green PCR Kit (Qiagen). GAPDH was applied as the internal reference for lncRNA NEAT1, and U6 was applied as the internal reference for miRNAs. 
| Follow-up
All patients with AIS received appropriate treatments decided by physicians. And all patients were followed up to 36 months or stroke recurrence or death, and the median follow-up duration was 36.0 months ranging from 0.0 to 36.0 months. Stroke recurrence and death were recorded during follow-up, and the patients with AIS were further divided into recurrence/death group and non-recurrence group. Recurrencefree survival (RFS) was defined as the duration from admission to the death or stroke recurrence. For the patients who lost follow-up, calculation of RFS was censored on the date they were last known to be alive. Recurrence-free survival was displayed by Kaplan-Meier (K-M) curve and the difference of RFS between groups was determined by log-rank test. All tests were two-tailed, and P value < 0.05 was considered significant.
| Statistical analysis
| RE SULTS
| Study flow
Both patients with AIS and controls were enrolled in our study.
For the AIS patients' recruitment, a total of 322 acute stroke patients were screened, while 122 of them were excluded ( Figure 1 ).
Then, 210 newly onset patients with AIS were recruited, and the plasma samples were collected within 24 hours after admission for further detection. All patients with AIS were followed up to 36 months or until they suffered stroke recurrence or death, whereas, 26 patients were censored on the data of last known to be alive. Finally, 210 patients with AIS were included in the final analysis. For the controls' recruitment, 251 controls with vascular risk factors were screened, while 41 controls were excluded.
Subsequently, 210 controls were recruited, and their plasma samples were collected on the enrollment, followed by the detection of lncRNA NEAT1.
| Comparison of characteristics between patients with AIS and controls
210 patients with AIS with mean age of 62.2 ± 13.0 years and 210 controls with mean age of 60.5 ± 10.4 years were enrolled in this study ( Table 1 ). There were 159 (75.7%) males and 51 (24.3%) females in patients with AIS, and 165 (78.6%) males and 45 (21.4%) females in controls, meanwhile, the mean BMI of patients with AIS and controls was 24.8 ± 2.9 kg/m 2 and 24.4 ± 2.6 kg/m 2 , respectively. No difference of age (P = .138), gender (P = .486) or BMI (P = .234) was found between patients with AIS and controls. Besides, no difference of smoke (P = .922), hypertension (P = .105), diabetes mellitus (P = .234), hyperlipidemia (P = .558), hyperuricemia (P = .532), or CKD (P = .157) was observed between the two groups, and the detailed information of these characteristics was displayed in Table 1 
| Comparison of lncRNA NEAT1 expression between patients with AIS and controls
LncRNA NEAT1 expression was elevated in patients with AIS 
| Correlation of lncRNA NEAT1 expression with clinical characteristics in patients with AIS
| Comparison of LncRNA NEAT1 expression between recurrence/death patients and nonrecurrence survivors
LncRNA NEAT1 expression was increased in recurrence/death patients compared with non-recurrence survivors (P = .003) ( Figure 3A) .
Besides, ROC curve showed that lncRNA NEAT1 could predict death/ recurrence risk with the AUC of 0.641 (95% CI: 0.541-0.741), meanwhile, CRP as well as NIHSS score also predicted death/recurrence risk in patients with AIS with the AUC of 0.709 (95%CI: 0.621-0.797) as well as 0.653 (95%CI: 0.552-0.754), respectively ( Figure 3B ), suggesting that lncRNA NEAT1 presented with equal predictive value for death/recurrence risk compared with CRP and NIHSS score.
| Comparison of RFS between lncRNA NEAT1 high expression and lncRNA NEAT1 low expression patients
K-M curves showed that RFS in lncRNA NEAT1 high expression patients was shorter compared with lncRNA NEAT1 low expression patients (P = .019; Figure 4 ). 
| Correlation of lncRNA NEAT1 expression with miR-124, miR-125a, and miR-146b expressions in patients with AIS
LncRNA NEAT1 expression was negatively correlated with miR-124 (P < .001, r = −.483) and miR-125a (P < .001, r = −.508) expressions in patients with AIS, while no correlation of lncRNA NEAT1 expression with miR-146b (P = .175, r = −.094) expression was found ( Figure 5 ).
| D ISCUSS I ON
LncRNA NEAT1, as an abundant and ubiquitously expressed lncRNA, has been reported to be a pivotal factor in the pathology of various diseases, including cardiovascular and cerebrovascular diseases. [14] [15] [16] For example, a study shows that lncRNA NEAT1 is overexpressed in myocardial IR injury mice models and lncRNA NEAT1 knockdown represses levels of pro-inflammatory cytokines (TNF-α, IL-1β, and IL-6), decreases troponin level, reduces cardiocytes apoptosis, and inhibits release of lactate LDH in vitro. 14 Besides, a study displays that lncRNA NEAT1 knockdown inhibits levels of IL-6, IL-1β, cyclooxygenase-2 (COX-2), and TNF-α via regulating miR-342-3p in human macrophages THP-1 cells. 15 For stroke, a study discloses that lncRNA NEAT1 upregulation enhances OGD/R injury-induced inflammatory response in cerebral microglial cells through Wnt/β-catenin signaling pathway. 16 These studies reveal that lncRNA NEAT1 may promote the disease occurrence and enhance inflammation response via targeted genes or downstream signaling pathways in cardiovascular and cerebrovascular diseases.
In clinical practice, only a few studies explore the role of lncRNA NEAT1 in disease risk or disease condition of cardiovascular and cerebrovascular diseases or other inflammatory disease. 13, 21 For example, lncRNA NEAT1 has been found to be overexpressed in post-myocardial infarction patients and patients with tuberculosis, indicating that lncRNA NEAT1 may act as a biomarker for increased risk of these diseases. 12, 13 For the disease condition or inflammation, a study displays that lncRNA NEAT1 expression is associated with left ventricular ejection fraction, low-density lipoprotein (LDL) cholesterol, and high-density lipoprotein (HDL) cholesterol in post-myocardial infarction patients. 13 And, another study shows that lncRNA NEAT1 expression is positively associated with Acute Physiology and Chronic Health Evaluation (APACHE) II score, TNF-α, IL-1β, IL-6, and IL-8, but is negatively correlated with IL-10 in sepsis patients. 21 These data suggest that lncRNA NEAT1 may positively correlate with disease severity and inflammation level in cardiovascular and cerebrovascular diseases as well as inflammatory disease. Moreover, a previous study has disclosed that lncRNA NEAT1 promotes the OGD/R injury and neuroinflammation damage in the cell model of stroke. 16 Taken together, we speculated that lncRNA NEAT1 might also be involved in the disease risk, progression, and inflammation of AIS, whereas related exploration is seldomly reported. In our study, we enrolled 210 patients with AIS and 210 controls to investigate the correlation of the lncRNA NEAT1 expression with AIS risk, and we found that lncRNA NEAT1 was overexpressed in patients with AIS, meanwhile, it could predict AIS risk. Furthermore, we also explored the association of lncRNA NEAT1 expression with disease condition as well as inflammation level in patients with AIS, and we observed that lncRNA NEAT1 high expression was associated with increased NIHSS score, raised CRP level, elevated pro-inflamma- 24, 25 In our study, we explored the role of lncRNA NEAT1 in disease recurrence as well as survival profile of patients with AIS. We observed that lncRNA NEAT1 could predict raised recurrence/death risk, and its predictive value for recurrence/death risk was equal with CRP and NIHSS score, furthermore, lncRNA NEAT1 expression was negatively associated with RFS in patients with AIS. The following reasons might explain these results: (a) lncRNA NEAT1 might accelerate the disease progression and promote the inflammatory response through regulating some target genes or pathways, therefore, its overexpression caused worse disease severity and further reduced RFS in patients with AIS 14, 15 ; (b) lncRNA NEAT1 might facilitate the resistance to therapy of patients with AIS and consequently decreased the RFS, while detailed mechanism remained largely unclear.
MicroRNAs are evolutionarily conserved noncoding RNA oligonucleotides and are involved in the pathology of numerous diseases. 26, 27 According to previous studies, miR-124, miR-125a, and miR-146b, which are frequently investigated miRNAs, are well known as inflammation-related miRNAs, moreover, they have been identified as direct target genes of lncRNA NEAT1. [18] [19] [20] Thus, we hypothesized that lncRNA NEAT1 might function via regulating miR-124, miR-125a, and miR-146b in AIS as well. To verify this hypothesis, we assessed the correlation of lncRNA NEAT1 expression with the expression of plasma miR-124, miR-125a, and miR-146b in patients with AIS. And, we observed that lncRNA NEAT1 expression negatively correlated with miR-124 and miR-125a expressions, while no correlation of lncRNA NEAT1 expression with miR-146b expression was found in patients with AIS. These data suggested that ln-cRNA NEAT1 might affect the disease occurrence, disease severity, inflammation level, and prognosis of AIS through negatively regulating miR-124 and miR-125a.
Some limitations existed in our study: (a) the follow-up duration (median 36.0 months) was relatively short, and long-term effect of lncRNA NEAT1 on prognosis was not investigated; (b) this was a single-center study, which might lack wide representativeness; (c) although we observed the negative correlation of lncRNA NEAT1 with miR-124 and miR-125a, the detailed molecular mechanisms of lncRNA NEAT1 in AIS had not been explored. Further multi-center study with longer follow-up duration is needed to validate our results, and the molecular mechanisms need to be further explored.
In conclusion, lncRNA NEAT1 may serve as a novel biomarker that predicts higher AIS risk and contributes to the surveillance of disease severity, inflammation level, and prognosis in AIS.
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